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Seventy female Sprague-Dawley rats were studied to determine the mechanism of tubular
localization and the effects of commonly encountered changes in hydration and acid-base
balance on renal uptake and urinary excretion of technetium-99m glucoheptonate
(I**"Tc]GHA). The in-vivo protein binding and protein-free plasma clearance of
[**"Tc]GHA also were quantitated. Twenty additional rats were studied to determine the
effects of PAH competition and probenecid blockade on renal uptake of
[**Tc]ldimercaptosuccinic acid (DMSA) in comparison with their effects on [**"Tc]GHA
localization. Kidney uptake of [*®™"Tc]GHA averaged 11.17 + 0.49 (s.e.) % of the injected
dose in control animals. This varied slightly among groups but was significantly reduced
by probenecid blockade and para-aminohippuric acid (PAH) competition to 4.08 + 0.55 (p
< 0.005) and 2.39 + 0.14 (p < 0.005), respectively. Technetium-99m DMSA was not
affected in its renal accumulation by these maneuvers. The total plasma clearance of
[**Tc]GHA was lower than iodine-125 ('2°]) iothalamate but the clearance of the protein
free supernate was higher, raising a possibilty of some tubular secretion. Acidification of
the urine which has been shown to reduce [**"Tc]DMSA uptake appeared to have no
effect on [**"Tc]GHA. Hepatic uptake was minimal in all groups averaging less than 1%
injected dose. These data demonstrate that renal accumulation of [**"Tc]GHA is blocked
by probenecid and PAH suggesting that it is actively concentrated in the proximal tubule
by enzyme systems similar to those involved in PAH and hippuran transport. it appears
that [**"Tc]GHA uptake measures a different aspect of kidney function than [**"Tc]DMSA.
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'I:chnetium-99m glucoheptonate ([**"Tc]GHA) has
achieved extensive clinical use as a renal imaging agent
although relatively little is known about its handling by
the kidney. A few reports of studies of this compound
have described its organ distribution in laboratory animals
(1-4). Autoradiographic studies of [*™Tc]GHA (5,6)
demonstrate rapid clearance of most of the injected radio-
activity with the major excretory pathway through the
kidney. A significant fraction of the injected dose is re-
tained for some time in the renal cortex, but reports of the
exact amount vary. Approximately 20.3% of the injected
dose of [*™Tc]GHA has been reported to localize in Wis-
tar male rat kidneys 1 hr after injection (/), and 13% in
rabbit kidneys (2). Kieviet (3), reported significantly
lower renal accumulation than other groups noting 5.6%
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of the dose per g of Wistar rat kidney tissue.

Since patients referred for renal studies often have re-
duced renal function, as well as abnormalities of acid-
base balance, it is important to evaluate the possible ef-
fects of these pathologic conditions on the excretion and
renal localization of commonly used agents. The present
study was designed to evaluate the effects of dehydration,
osmotic diuresis, alkalosis, and acidosis as well. Renal
tubular blocking agents, probenecid and PAH, and protein
binding (7, 8) provide further information on the mecha-
nism of renal accumulation and excretion of [**™Tc]GHA.
The results of the present study were compared with a
similar investigation of [*™Tc]DMSA which has been
reported previously (9).

MATERIALS AND METHODS

Ninety female Sprague-Dawley rats weighing 190-220
g each were studied by the single injection clearance tech-
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nique (/0). After anesthetization with ether, silastic cathe-
ters (O.D. = 0.025 in., I.D. = 0.012 in.) were placed in
the left femoral artery, left femoral vein and urinary blad-
der. The rats were restrained in plexiglass cages and al-
lowed to awaken. Nine groups of rats were studied. Ten
animals each were divided randomly into the following
groups: Control (Cont) Group I, animals were given nor-
mal food ad libitum; Dehydrated (DH) Group II, animals
were given food ad libitum but were not allowed access to
water for 24 hr before the study; Mannitol treated (M)
Group I, each rat was studied during osmotic diuresis
induced with a loading dose of 250 mg of Mannitol in
volume of 1 ml, followed by an infusion of solution con-
taining 750 mg of Mannitol in 4-5 ml saline; Probenecid
treated (PR) Group IV, water suspension probenecid, 100
mg per 100 g of body weight in 1 ml water (7) was
administered by gastric gavage; Alkaline Urine (AK)
Group V, the urine was alkalinized with 800 mg of sodium
bicarbonate in 1.5 ml of distilled water by gavage; Acid
Urine (AC) Group VI, the rates were allowed water, but
all food was removed for 24 hr before the study, the urine
acidification was achieved with 0.1 g of NH4 Cl in 1 ml
of distilled water given by gavage; Para-amino-hippurate
(PAH) Group VI, each rat was given PAH with a prime
dose of 5 mg in 0.1 ml, followed by an infusion of 2 mg
sodium PAH per ml solution (0.067 mg/min). This
plasma PAH level is high enough to achieve blockade of
tubular secretion. Ten additional normal control rats and
ten PAH treated rats were studied after administering
technetium-99m dimercaptosuccinic acid (DMSA) using
the same method cited above for [ Tc]GHA. All physio-
logic interventions were begun one hour before the
plasma clearance studies, and all of the infusions were
delivered at a rate of 2 ml per hr by Sage pump and
continued throughout. Renal clearance was measured si-
multaneously with ['25T]iothalamate (1) in all groups.
The [®"Tc]GHA study was prepared from a commer-
cial kit* which contained 0.7 mg GHA and 1.1 mg SnCl,.
The technetium-99m DMSA was prepared from a com-
mercial kit' containing 0.55 mg/ml succinate 0.19 mg/ml
anhydrous stannous chloride. The pertechnetate [techne-
tium-99m (**™Tc)] was eluted from a commercial genera-
tor. Fifteen minutes after labeling with technetium-99m
tracer, 0.1 ml of [*™Tc]JGHA or [*™Tc]DMSA (50 uCi)
and 0.1 ml of I iothalamate (10 uCi) were injected
through the femoral vein catheter. Arterial blood samples
(0.15 ml) were placed in two heparinized capillary tubes
5, 10, 20, 40, 60 and 80 min after injection and centri-
fuged. Duplicate 0.025 ml of aliquots were counted for 1
min in the well counter. After counting ™ Tc tracer, the
samples were allowed to decay and then '2°] was counted.
The animals were killed immediately after the clearance
studies and the distribution of the dose in the kidneys and
liver was determined by counting multiple samples in a
well scintillation counter. Plasma clearance and urinary
accumulation of ['?’I]iothalamate, [**™Tc]JGHA and
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[®™Tc]DMSA were plotted on semilogarithmic paper for
the clearance calculation, as described previously (10).
Each kidney was sliced into ten parts and counted sepa-
rately. The percent dose localized in the kidneys was used
for comparison between the controls and the six other
groups. All results are expressed as the mean + 1 s.e.

The determination of the protein bound fraction of the
injected [*™Tc]JGHA was carried out using 0.025 ml of
plasma, immediately after each sample collection period.
The plasma protein was precipitated with 1 ml of a 10%
trichloracetic acid solution, and two washings were per-
formed. The supernate, protein free plasma and the
plasma protein precipitate were counted separately. Pro-
tein free plasma clearance was calculated from the
supernate.

The protein bound fraction was calculated from the
bound and unbound portions. Statistical analyses were
performed using t-test comparisons of sample means and
standard regression analysis.

RESULTS

The total plasma clearance of [*™Tc]JGHA was lower
than ['2’I]iothalamate in controls (0.90 + 0.08 s.e. ml/
min/100 g body weight compared with 1.47 + 0.06 p <
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FIGURE 1

| Control, Il Dehydrated, lil Mannitol, IV Probenecid, V Alka-
line Urine, VI Acid Urine, VIl PAH, | s.e,* p < 0.01.
(D) [P*"Tc]GHA, &’i‘“lliothalamate. Plasma clearance of
[®*"Tc]GHA and ['®ljiothalamate are shown in the bar
graph. lothalamate clearance (GFR) was higher than simul-
taneous GHA clearance in all groups. Each group is com-
pared against the control. GHA clearance was reduced sig-
nificantly in the probenecid and acid urine groups.
Dehydration, probenecid administration and urinary acidifi-
cation resulted in a significant reduction in iothalamate
clearance
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FIGURE 2

1 Control, |l Dehydrated, Il Mannitol, IV Probenecid, V Alka-
line Urine, VI Acid Urine, VIl PAH, | s.e.,"p < 0.01,**p <
0.03. (O) [**"Tc]GHA, N ['?l]cothalamate. Clearance of
GHA and iothalamate are compared using protein free su-
pernates of plasma. In this figure asterisk represents statis-
tically significant difference between GHA and iothalamate
clearance. In control group GHA clearance was higher than
iothalamate but was not statistically significant. In dehy-
drated group, Mannitol, Probenecid, alkaline urine and PAH
groups this difference was statistically significant

0.005) (Fig. 1) but clearance of the protein free supernate
of GHA was higher than ['*[Jiothalamate (1.67 + 0.09
compared with 1.55 + 0.05 P=N.S.) (Fig. 2). In the
probenecid and acid urine group the GHA clearances
were 0.75 + 0.02 (p < 0.05) and 0.72 + 0.05 p < 0.05)
(Fig. 1). Forty-six precent of the [*Tc]JGHA was found
in the precipitated plasma 5 min after injection in the
control animals. The amount of plasma protein binding of
[®"Tc]JGHA was significantly lower in all the study
groups compared with control group except alkaline urine
group (Fig. 3). Plasma clearance of the protein free frac-
tion of [?*™Tc]GHA correlated well with ['?I]iothalamate
protein free supernate clearance (r=0.82, < p 0.001)
(Fig. 4). The total kidney uptake of [*"Tc]JGHA was
11.17 + 0.49 (s.e.) % injected dose in controls. This
varied slightly among groups (Table 1) but unlike
[®*"Tc]DMSA, [®™Tc]GHA concentration was markedly
reduced by probenecid and PAH blockade (4.8 + 0.55, p
< 0.0005 and 2.39 + 0.14, p < 0.000S). Technetium-
99m DMSA renal accumulation in the control group was
42.66 + 2.87 (s.e.) % injected dose and in PAH infused
group was 40.43 + 1.35 (N.S.). Acidification of the
urine was associated with a slight increase of renal accu-
mulation of GHA but not significantly different from con-
trol. These findings may be contrasted with the effects of
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FIGURE 3

| Control, Il Dehydrated, il Mannitol, IV Probenecid, V Alka-
line Urine, VI Acid Urine, VIl PAH, | se.,” p < 0.01.
(O) " Tc]GHA. Relative protein binding of GHA at 5 min
is shown for each group. Protein binding was high in all
groups but was significantly reduced in all of physiologic
alterations except urinary alkalinization

these maneuvers on glomerular filtration rate (GFR) as
measured by iothalamate clearance (Table 2).

Unlike [*™Tc]DMSA, acidification of the urine ap-
peared to have no effect on the amount of GHA in the
urine (66.11 + 2.01 injected dose compared with 67.19
+ 1.91 P=N.S.). The amount of [**"Tc]JGHA in the
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FIGURE 4

Y = 0.67x + 04,r = 0.82, p < 0.001, n = 70. Relation-
ship between free iothalamate and free glucoheptonate
clearance is shown for all groups (r = 0.82, p < 0.001)
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TABLE 1
[**™Tc]Glucoheptonate
(% injected dose)

R.K./liver
Item Urine Kidneys Urine + kidneys Liver (% dose/q)
. Control 672 + 1.9 1.2 + 05 784 + 1.7 0.89 + 0.15 82.31 + 11.06
Il. Dehydrated 55.6 + 5.1* 13.8 + 0.5' 69.4 + 5.2 0.72 + 0.04 92.77 + 9.01
ll.  Mannitol 69.8 + 2.5 115+ 05 813 + 24 0.69 + 0.06 8454 + 7.65
IV.  Probenecid 69.3 + 35 4.1 + 0.06' 73.4 + 36 0.72 + 0.03 2792 + 3.53¢
V. Alkaline urine 65.4 + 3.6 11.0 + 04 76.4 + 3.7 0.57 + 0.03" 101.82 + 2.90
VI. Acid urine 66.1 + 2.0 120 + 0.5 78.1 + 2.2 1.21 + 0.16 49.71 + 6.70%
Vil. PAH 76.1 + 3.0 24 + 0.1t 785 + 3.0 0.79 + 0.7 15.63 + 1.53%
* = p <005
t = p < 0.025.
¥ = p < 0.0005.
+ = s.e.

urine was reduced in the dehydrated group (p < 0.05)
and increased in the PAH group (p < 0.0125) (Table 1).
However, the sum of urinary excretion and the cumulative
concentration in the kidneys at two hours was not signifi-
cantly different than the controls except in the dehydrated
group (p < 0.05).

The mean urinary pH at 80 min after alkalinization and
acidification was 9.03 + 0.08 s.e. and 4.86 + 0.19,
respectively.

Hepatic uptake of [*"TcJGHA was minimal in all
groups, averaging less than 1% of injected dose. Animals
treated with alkalinization showed a decrease in liver ac-
cumulation (p < 0.05). The acid urine group showed an
increase in liver accumulation but it was not statistically
significant.

The marked differences between the effect of probene-
cid blockade and PAH infusion on renal handling of GHA
and DMSA are clearly illustrated in Fig. 5.

In spite of the variations in absolute uptake induced by
the physiologic alterations described, the relative uptake
in each kidney remained remarkably constant and the re-

gression relationship approached 1 (r=0.99, p < 0.001)
(Fig. 6).

DISCUSSION

The mechanisms of tubular accumulation of GHA and
DMSA have been previously thought to be similar, how-
ever, in the present study renal accumulation of
[®™Tc]GHA was blocked by probenecid and PAH sug-
gesting that this compound is actively concentrated to a
significant extent in the proximal tubule by the same en-
zyme system involved in PAH and hippuran transport (7,
8). As much as 80% of the renal accumulation appears to
be in the proximal tubule with only a relatively small
amount remaining which might be localized distally. Yee
and co-workers (9) demonstrated that probenecid did not
block the renal enzyme system that concentrates
[**"Tc]DMSA renal accumulation. Repeat studies of tu-
bular blockade using PAH in the present study confirmed
that this does not affect [*™Tc]DMSA. The probability
that there is a significant difference in the aspect of renal

TABLE 2
['%51]lothalamate
Plasma clearance Kidneys R.K.fliver
Item (ml/min/100 g) Urine (% injected dose) Liver (% doselg)
l.  Control 1.47 + 0.06 751 + 29 0.22 + 0.06 0.67 + 0.13 192 + 0.38
Il. Dehydrated 1.24 + 0.05* 64.4 + 6.2* 0.22 + 0.03 0.60 + 0.13 253 + 0.57
. Mannitol 1.61 + 0.06 814 + 2.6* 0.27 + 0.05 0.68 + 0.09 2.05 + 0.33
IV. Probenecid 1.20 4+ 0.04' 765 + 49 0.17 + 0.01 0.69 + 0.10 1.21 + 0.21
V. Alkaline urine 1.56 + 0.09 76.8 + 4.1 0.31 + 0.06 0.66 + 0.13 234 + 0.28
VI. Acid urine 1.18 + 0.08! 75.7 £+ 0.1 0.52 + 0.22* 1.35 + 3.04t 1.79 + 0.30
VIl. PAH 1.34 + 0.05 83.6 + 2.8 0.28 + 0.07 1.41 + 0.25' 0.90 + 0.11%
* = p<0.05.
t=p <001
= p < 0.0125.
+ = s.e.
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FIGURE 5

(0O) Control; N Probenecid; & PAH, *p < 0.01, ILs.e. Ef-
fect of probenecid and PAH on renal uptake of GHA and
DMSA at 2 hr are shown. Although both reduced GHA
uptake significantly, neither had any significant effect on
DMSA. Note that PAH and Probenecid blockade studies
were done at different times with DMSA and demonstrate
variability of absolute renal uptake of this compound from
batch-to-batch

function measured with GHA and DMSA is supported by
these data.

Acidification and alkalinization of the urine did not
change either the renal concentration or urinary clearance
of P"Tc]JGHA suggesting that acid-base imbalance does
not significantly alter [*™Tc]JGHA kinetics. The minimal
hepatic uptake results in very high right kidney to liver
ratio. This ratio of GHA renal to hepatic uptake was
significantly lower in the probenecid, PAH and acid urine
groups than in the control group. The alkaline urine group
showed a low right kidney to liver ratio because of the
relatively high liver uptake. These physiologic changes
may result in higher background in renal scans and erro-
neous external quantification.

The marked decrease in plasma clearance of
[®™Tc]GHA during dehydration probably is caused by a
reduction in size of the intravascular component and de-
creased renal perfusion. There appears to be a weak cor-
relation with the urinary excretion, but the sum of urinary
excretion and renal uptake correlates better with total
plasma clearance.

Protein bound [**"Tc]GHA in the plasma was 6.9% of
the injected dose 5 min postinjection and 6.3% 10 min
postinjection, but fell to 2.4% after 20 min. These results
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FIGURE 6 . _ .
N = 70,y = 1.02x - 0.04, r = 0.99. Relationship between
left and right kidney uptake of GHA is shown. Although
interventions used had significant effect on absolute renal
uptake, they had no significant effect on the relative uptake
between two kidneys (r = 0.99, p < 0.001)

support a previous report (/) of the maximal renal con-
centration occurring ~ 15 min after injection and rapidly
decreasing and suggest that this has a significant effect on
the protein bourid component.

The clearance of protein free supernate was higher than
the total clearance and correlated well with [!25T}iothala-
mate. Technetium-99m GHA clearance appears to occur
by means of two mechanisms: (a) The protein bound
99mTc is excreted by tubular secretion; and (b) Protein free
portions are excreted by glomerular filtration.

These data lead to several clinically important conclu-
sions. Quantification of GHA and DMSA uptake measure
significantly different renal functions. Commonly en-
countered abnormalities of acid base balance will signifi-
cantly alter DMSA accumulation but have little or no
effect on GHA. Diseases which disproportionately affect
the proximal and distal tubule will lead to discordant
results between GHA and DMSA uptake. Although these
are major concerns, it is encouraging that relative renal
uptake was the same in each kidney in all of the conditions
reviewed.

FOOTNOTES

*Byck-Mallinckrodt, St. Louis, MO.
tMedi-Physics Inc., Richmond, CA.
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